The exchange kinetics of Li + C221 cryptate in nitromethane (NM) and dimethylformamide (DMF) solutions was studied by lithium-7 NMR line-shape analysis at a wide range of temperature. Depending on the nature of solvent, two different exchange mechanisms were found to exist. At entire temperature range studied, a bimolecular mechanism dominates in NM, while a dissociative pathway prevails in DMF solution. In NM solution, the activation parameters were calculated as: E a = 9.3 ± 0.3 kJ mol" 1 ; ΔΗ* = 8.9 ± 0.4 kJ mol" 1 ; AS* = -150 ± 1 J mol" 1 K" f . While, in DMF solution, they are: E a = 9.2 ± 0
INTRODUCTION
Since the first synthesis of macrocyclic cryptands by Lehn and coworkers, 1 an extensive amount of research work has been reported on the thermodynamics and kinetics of their complexes with a variety of cations (called cryptates) in different solvents.
2.
Kinetic study of cryptand complexation reactions with alkali metal ions not only result in important information on the rates and mechanisms of complexation reactions but also lead to a better understanding of the high selectivity and stability of these ligands toward different cations. This area of research, however, has received less attention than the ubiquitous thermodynamic studies.
A fundamental characteristic of alkali-cryptate formation is the rate of cation exchange in and out of the cryptand's cavity. A number of such exchange kinetic studies have been carried out using various physicochemical techniques, 2 3 especially proton and alkali metal NMR spectroscopy. 4 " 15 In this paper we report the use of lithium-7 NMR line-shape analysis to the determination of the kinetic parameters and mechanisms for the chemical exchange of Li" ion between the solvated and complexed sites with cryptand C221 in nitromethane (NM) and dimethylformamide (DMF) solutions.
MATERIALS AND METHODS
Cryptand C221 (Merck) was of the highest purity available and used without further purification except for vacuum drying. Reagent grade lithium Perchlorate (Merck) was purified and dried as described elsewhere. 16 Spectroscopic grade nitromethane and dimethylformamide (both from Fluka) were used as received. The concentration of lithium Perchlorate in each solution was kept constant at 0.01 M.
All NMR measurements were carried out on a JEOL FX90Q FT-NMR spectrometer with a field strength of 2.113 T. At this filed, 7 Li resonates at 33.74 MHz. The temperature of the probe was adjusted with a temperature control unit using liquid nitrogen at low temperatures and a heating element at high temperatures. To reach the equilibrium temperature, each sample tube was left in the probe for at least 15 min before measurement. At all temperatures used, the accuracy of the temperature measurements was 0.3 °C.
Line widths of the solvated and complexed lithium ion were measured by fitting a Lorentzian function to the spectra. A complete lithium-7 line-shape analysis of three solutions in which the [C22I]/[Li + ] mole ratio was <1 was used in order to extract the mean lifetime, for the exchange processes. Details have been discussed in previous publications. 
RESULTS AND DISCUSSION
The exchange kinetics of C22I with Li + ion was studied in NM and DMF solutions by 7 Li line-shape analysis at different temperatures. The solvents used have a very similar dielectric constant (i.e., 35.9 for NM and 36.7 for DMF), but their donor ability, as expressed by the Gutmann donor number, 19 is quite different (i.e., 2.7 for NM and 26.6 DMF). Since dilute solutions of LiC10 4 were used, the ion pairing effects should be very small.
In both solvents, the concentration of lithium Perchlorate was kept constant at 0.01 Μ and three solutions with C221 to lithium ion mole ratios <1 were prepared. The Li NMR spectra of the resulted solutions were obtained at several different temperatures. The resulting spectra are shown in Figs. 1 and 2. It is interesting to note that, in the case of NM solutions ( Fig. 1 ), lithium-7 NMR revealed two 7 Li signals for the free and complexed Li + ion with C221, even at room temperature and higher, indicating very slow exchange rates. While, in the case of DMF solutions (Fig. 2) , at temperatures >5 °C, only one population averaged 7 Li signal was observed which emphasizes faster Li + exchange between the two sites. At the same time, and under the same conditions, the 7 Li NMR spectra of the solvated and complexed sites (i.e., 0.01 Μ solutions of LiC10 4 with respective ligand to metal ion mole ratios of 0 and about 1.1) were obtained and the line widths were measured by fitting a Lorentzian function to the spectra. Line-shape analysis of the spectra was carried out by fitting 100-150 points of the spectra to the NMR equations using a nonlinear least-squares program KINFIT 20 in order to extract the values (the mean life time of the lithium ion) at different temperatures for each system. A sample computer fit of the 7 Li NMR spectrum is shown in Fig. 3 . The resulting values are summarized in Table I. As it has been proposed by Schori et al., 21 the lithium ion may exchange between the solvated and cryptate sites by either a biomolecular mechanism (I) or a dissociative pathway (II):
The general expression in terms of the above mechanisms is: As it can be seen from Figs. 4 and 5 at all temperatures, while in NM solution the exchange of lithium ion between the solvated and complexes sites proceeds via a bimolecular mechanism, a dissociative pathway predominates in DMF solution. It should be noted that, in order for a bimolecular metal exchange to proceed in a metal-macrocycle system, the simultaneous arrival of a new metal and departure of the complexed cation should be facilitated. 9 ' 10 " 14 ' 15 In the case of NM as a low donicity solvent, we can assume that the occurrence of some ion pairing between the Li + and CI0 4 " ions can easily reduce the charge-charge repulsion of Li + ions in the transition state and facilitate the predominance of a bimolecular mechanism. A similar conclusion has been made previously. 21 On the other hand, the predominance of a dissociative
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Cryptand C221 in lntromethane and Dimethylformamide Solutions exchange mechanism for the Li '-C221 system in high donicity solvents other than DMF (like methanol and pyridine) has already been reported in the literature. It is noteworthy that the competition between the bimolecular and dissociative mechanisms for the exchange not only depends on the nature of solvent, 7 ' 1014 21 but also on other experimental parameters such as the nature of counter ion, 21 temperature 15 2j and the concentration range studied. 24 25 Since with either exchange mechanism the reciprocal of is proportional to the decomposition rate, a plot of In k d vs. 1/T gives an Arrhenius plot. The activation energies for the release of Li + ion from the C221 complex in NM and DMF were determined from the slopes of such linear plots, and the activation parameters AH*, AS* and AG* were calculated by using Eyring's transition state theory. 26 The results of these calculations as well as the related rate constants are given in Table II .
From the data given in Table II , it is immediately obvious that the AG* value for a bimolecular mechanism is smaller that that for a dissociative pathway. A similar behavior has already been reported for other exchange systems. 15 23 ' 27 It is interesting to note that the observed predominance of the bimolecular mechanism (in NM) over the dissociative pathway (in DMF) is mainly of entropic origin. The much more negative entropy of activation observed for the Li + -C221 complex in DMF solution may result from a much higher degree of solvent organization, in going from the initial lithium cryptate to the transition state. It should be noted that, in the initial complex, the Li + ion should be located in the center of the cryptand C22I 0 J 00 200 300 I) 401)
